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ABSTRACT

The U. S. Naval Civil Engineering Laboratory is studying the design of
various entranceways for protective structures. The particular portion of
the work reported herein is con erned with air ducts in concrete. One of tI
essential parameters for the design optimization of such duct- is ti1e neutr(
energy spectra as a function of position in the duct. From this parameter r
be determined the type and quantity of shielding materials necessary to ach'
a specified protection factor-

In order to achieve a uniform system of neutron dosimetry, it was decir
to use the activation of bare and cadmium covered foils, foil sandwiches, at
threshold foil detectors to measure flux spectra. This application represel
one of the first times that foils were used to experimentally determine dif.
ferential flux over the energy range from 0.001 ev to 15 Mev. It is believ

--to be the first application to protective structure shielding experiments.

Preliminary to the experimental determination of neutron spectra by fo
activation, it is essential that the responses of the selected foils be mea!
in a medium of known moderating and scattering properties. A hydrogenous 14

such as paraffin, meets this requirement and is experimentally simple. A so
of nominally 14-Mev neutrons was directed at successively increasing thickn
of paraffin made from 1-inch slabs 12x24 inches. Selected foils were place,
the opposite side of the paraffin and their response to the neutron irradia'
determined. From this study technology is developed by which the observed 1
ponse of foils Irradiated in complex shields may be related to neutron ener.
flux. The report of this technology will be made at the time neutron ererg
spectra for air ducts in concrete is reported. Herein is the report of the
preliminary experiment where a study was made of neutrons streaming through
hydrogenous media. The normalized activation responses of selected foils a
given as a function of paraffin thickness.



Also described is the sequence of computer programs which process and
analyze the radiometric data of such foils. These programs were specifically
designed to handle the foil data associated with the experimental determination
of neutron streaming through ducts; however, they are suitable for handling
other radiometric analysis problems. By their use, radiometric analysis data
may be rapidly processed with reasonable assurance of freedom from numerical
error. Maximum utility of these programs is obtained when using automatic
counting that punches data directly on cards usable as the computer input.

This work was sponsored by the Defense Atomic Support Agency.

Qualified requesters may obtain copies of this report from DOC.
Release to the Clearinghouse is Authorized.



INTRODUCTION

The application of foil activation for neutron flux measurement in
the energy range above 1 Mev and below 0.5 ev has been described by Hughes.
Above I Mev threshold reactions are used and below 0.5 ev bare and cadmium
responses are used. From the many foil techniques available for the measure-
ment of neutrons with energy between 0.5 ev and I Mev, the application of fgil
sandwiches was selected. This application has been described by the author
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after a method of Stehn4 and the Staff of Argonne National Laboratory.

The techniques for calculating neutron energy spectga from the activation
response of several foils has been previously discussed. Essential to such
calculations is a knowledge of the various responses in a medium of known
moderating and scattering properties. For this purpose a neutron generator
employing the d,t reaction with an acceleration of 150 key was used as a sourc!
of nominally 14-Mev neutrons. This source was directed at a praffin moderator
so that the beam of deuterons was perpendicular to the exterior surface of the
moderator. The response of se!ected foils was observed as a function of
paraffin thickness in such a manner that no reflection was present. Each ir-
radiation was normalized, maximizing the deuteron beam current by adjusting
the focus, extraction, and accelerating voltage, and observing the counting
rate ofaslightly moderated BF3 detector used as a flux monitor. The high
voltage was adjusted last and assured that the incident neutron energy re-
mained constant throughout the experiment. This is possible since the d,t
reaction peaks at approximately 150 key acceleration at which value the
ejected neutrons have a most probable energy of 14 Mev.7

The activity of each foil was observed with an internal gas flow pro-
portional detector with a "micromil" -window and using liP" gas (90 percent
argon, 10 percent methane). The detector was incorporated into an auto-
matic counting system that directly punched cards. Data was identified by
separate problem, sample, counting system, counting geometry, and observa-
tion numbers. All foils of the same type were of the same size and approximat
mass and were irradiated for the same time. Data was corrected for detector
resolution loss and decay after irradiation. Data vas normalized in such a
manner that knowledge of the distance from foil to the tritium target,
counting efficiency, foil cross section, and irradi3tion time was not part
of the analysis.

EXPERIMENT

The experiment consisted of irradiating certain selected foils, listed
In Table I, with neutrons. Various thicknesses of paraffin were placed be-
tween the neutron source and the foils so as to moderate their initial nominal
14-Mev energy and to cause the neutrons to take on differing energy distributi
No paraffin was placed behind the foils so as to minimize response to neutron
backscatter. For each specific foil material the same foil dimensions were
used throughout the series of experiments; however, variations occurred betwee



different foil materials. The neutrons were produced by accelerating deuterium
to approximately 150 kev before impinging on a tritium target. The accelerator
operating conditions were optimized throughout the experiment by adjusting beam
focus, extraction and acceleration voltage so as to maximize the beam current.
It should be noted that the d(tn) cross section is near its maximum value at
150 key energy. At this energy of bombardment, the neutrons have a most probable
energy of about 14 Mev. All foils for threshold detectors were irradiated 30
minutes. The aluminum-manganese foil sandwiches were irradiated for 10 minutes
followed by a 10-minute period for manipulation and counting. This in turn
was followed by a 15-minute irradiation for all cooper foil sandwiches. The
bare and cadmium covered indium foil combinations were irradiated at the same
time; they were placed for irradiation to begin with the 10-minute irradiation
of the aluminum-manganese sandwich and were removed after the 15-minute copper
sandwich irradiation. Since the irradiation time of each specific foil was
the same, no corrections were made for activity buildup during irradiation.
A slightly moderated BF3 detector was placed in a fixed position near the
generator. The countof this detector Integrated over the irradiation period
was used as a relative measure of neutron flux which in turn was used to
normalize all observed foil activities. No corrections were made for very
slight differences in mass between different foils of the same material or
for counter efficiency. However, inverse square corrections were made for
the varying distance between the foils and the tritium target. All observed
foil activities were corrected for decay between the erd of irradiation
and the time of observation. Particular attention was directed toward preci-
sion. Care was taken to insure the purity and cleanliness of foils.

Foil activities were observed with an internal gas flow proportional
detector having a micromil window. This detector was placed in an automatic
sample changer. The counting gas was 90 percent argon and 10 percent methane,
and counts were observed at the center of the beta plateau. A RaDEF scurce
electro deposited on a platinum disk supplied by the National Bureau of
Standards was used as a long lived standard to assist in obtaining uniform
counter response during the period of the experiments. The output of the
counter was the input to a data converter %hich punched on IBM cards the
counting data. Other information necessary to the experiments and analysis
of data was manually punched on these and other cards. A complete description
of the data format on these cards and the information that they require will
be found in che following section: Data Reduction. All counting data was
analyzed by the methods described therein, which included statisrical analysis
of variance.

DATA REDUCTION

Data experimentally obtained from automatic counting systems during
experiments that measure neutron streaming through ducts may best be reduced
by computer techniques. Computer programs are also suitable fcr handling
other types of radiometric analysis. The processing of data by a digital
computer insures accurate reduction and rapid handling, thus affording im-
mediate review between experiments. The programs about to be presented were



used to reduce the data from the experiment just discussed. However, to
illustrate the broader applications of these programs, numerical examples
are included from reduction of other counting data.

All output data from these programs may be used as data with which to
calculate neutron flux. The calculations of this program are performed
basically as has already been delineated. Only departures from previous
work and new information is presented herein. The programs described are:
pre- and post-data compiler, PDC I, II; three data organizations, DATORG I
II, III; resolution, RESOL; two decisions, DCISON I, ii; Chi Square, CHISQ;
three analyses of variance, VAR I, Prep VAR, VAR II; three decay analyses,
DECAY I, II, III; dead-time determination, DEAD; and backing thickness
determination, BACKTH. The latter two programs are not part of the routine
analysis, but are included for completeness.

The program sequence is shown by the block diagram of Figure 1. All
programs were written in Fortran I and were designed to be compiled with
the PDQ processor, using the IBM 1620 computer. This computer was selected
since it is available near the experimental facility. It is, however, possibl
to modify the program for use on larger computers (e.g., 7090 or 7094 as a
chain job with a control program). This would be accomplished by changing
a few input and output statements.

PDC takes the counting data as punched by automatic counting equipment,
whose format is shown in Figure 2, preceded by a deck of program definition
cards. The format of the problem definition cards is shown in Figure 3. The
following programs are designed to be run in sequence according to on-line
comments. For specialized cases of radiometric data certain of the programs
could be omitted from the running sequence; however, the experimentor is
cautioned that such omission could result in a data format that the computer
does not properly recognize.

PDC organizes all data by problem number and sample number and into a
format most suitable for further reduction. Its output is the input to DATORG
which sorts the data according to counting systems, and geometry. These
various sortings allow the intermixing of data, thus affording flexibility of
counting operations. Its output is the input to RESOLN which corrects observee
counts for detector dead time. Data is then fed to DCISON which corrects obser
counts for decay during the counting period. DCISON also tests to determine
if decay has occurred between two successive observations on the same sample.
if so, each observation is called "number one", but if not, the observation
number is advanced sequentially, regardless of the observation number punched
on the card. The output from this program is the input either to DECAY or to
CHISQ) according to a predetermined code number.
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DECAY corrects for decay between count observations and adjusts these
observations to that estimated for a previous time. CHISQ is customarily
used only when a new system is put into operation or its performance is
questioned. It determines If a series of observations is from the Poisson
distribution associated with the characteristic randomness of radioactive
disintegration. Correct performance is exhibited only if such a distribution
exists. The output of DECAY is the input to VAR which averages the counts,
corrected to a particular time, that are associated with like samples. The
error associated with this average is also estimated along with the number
of additional samples necessary for a smaller error. Not directly associated
with the data processing, but included for completeness, are two programs,
DEAD and BACKTH. The former calculates the counter dead time used In RESOL,
and the latter calculates the thickness of sample backing material by three
different methods: first, from data given in milligrams per square centimeter;
second, from data given in mils along with the material density; third, from
the ratio of the observed counts of another source with and without the backing
material.

The input and output formats, flov, charts, and program listings will be
presented later herein when each of the several programs is considered in
more detail.

Program Description - Pre-Data Compiler

PDC sorts the counting data problem number, the major data breakdown, and
transforms the raw data, punched by the automatic counting equipment, into a
format more suitable for further reduction. The first cards read are all of
the constants and problem identifying numbers required for further data re-
duction, such as sample numbers that should be compared, background data, decay
constants, number of decay components, and special code numbers. Next, the
data furnished by the automatic counting equipment is read. It should be noted
that the sample counting time does not have the decimal point included on the
card (a requirement of the counting equipment). Thus, this tntry is immediately
transferred from a fixed point number (no decimal point) to a floating point
number (with decimal point). With the particular counting equipment utilized,
the omitted decimal point on the input data card necessitates dividing the
punched number by 100 in order to obtain the counting time in minutes. After
preliminary sorting of data into separate problems, the Input constants on
cards are punched, followed by the data cards as they are processed. These
comprise the input to post-data compiler, which organizes the rroblem by
sample number and similarly punches the data in the same format. Table II
lists the source program; the input and output data for a sample problem
are given in Tables lia and IlIb, respectively.
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Data Organization

DATORG consists of a sequence of programs beginning with the output of
PDC. It arranges the data in ascending order with respect to system number,
and geometry number, associating with each group the appropriate input constan
The Input data Is punched In time sequence so that each field will be
organized in time. If the data is already organized, this sequence of
programs may be bypassed and the output of PDC used directly as input to
RESOL. Once the data has been stored, a loop in the program performs the
task of making the necessary changes to the sequence of data cards for their
organization. After the data is sequenced appropriately In the storage array,
duplicate cards are punched in an identical sequence. At this point, the
next set of raw data is loaded, to be arranged in similar manner. Tables VI,
VII!, and X list the source program, and the output listing of a sample
problem is shown in Tables VII, IX, XI, for DATORG I, II, 66d III.

Resolution

RESOLN corrects the observed counts for detector dead time loss. It
should be noted that If the counting rate of the data is sufficiently low
so as not to exhibit the effects of resolution loss, this program may be
bypassed, and the data used as input directly to DCISON. RESOL obtains the
dead time from the data cards associated with the corresponding system. After
processing data for a particular system, a new system number and value of
resolution time is associated from the input with the counting data. The
analysis is then repeated. Table XII is the source program listing and
Table XlII lists the output for a sample problem.

Determining Dead Time

Dead time is calculated from a series of count rate observations made
on a highly active, rapidly decaying radioactive sample. The analysis
utilizes two data sets, N, the true count rate obtained by extrapolating
low count rate observations with a known half-life, and M', the observed
high count rate observations. For every point MI there must be an associated
point N. A curve of the form for dead time corrections

me
N l-M'

where T Is dead time, is then fitted to the data by the least-squares method.
The program is limited to 100 data points for each of the M' and N sets.
Input data is obtained from DCISON I, bypassing RESOLN. Table XIV is a
listing of the source program, and the output data is listed in Table XV.
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Dec is ion

DCISON determines whether or not radioactive decay is significant. It
also supplies background count data and the decay constant of principal intersect.
There are two parts of this program: One, DCISON I, is used when the sample
observed contains only one radioisotope (i.e. decays with a constant half-life)
and the other, DCISON I1, is used with a mixture of radioisotopes. Input data is
obtained from RESOLN which senses the correct program and prints o-line
instructions to the computer operator. IF no background count information is
given along with the counting data, the program searches for this information
in the experimental constants section of the input data. It then determines if
a decay constant is given by the counting data cards. If not, an effective
decay constant is estimated by the relation

A = Aet

where A. and A,+, are two observations of count rate less background (made on
the same sample using the same problem, system, an' jeometry numbers), Ai+ is
the first observation made after observation A., t is the time difference etween
the two count rate observations, and X is the effective decay constant. It
should be noted that the value of X for the second to the list card, i = n-I,
is also used for the last card, i = n. The time difference is obtained by
multiplying the difference in days by 24 and adding that number to the dif-
feroence in hours. The result is multiplied b 60 and added to the remaining
uifference in fractional minutes. The effective decay constant thus determined
is used only for computations within this program and is not otherwise trans-
mitted to the obtput data.

Both forms of DCISON make additional tests and computations to correct
for decay during counting and to determine if there is significant decay
between observations. It is arbitrarily chosen that if the product of %tc,
tc being the duration of count observations, is greater than 0.01, the ob-
served counts (less background) are corrected for decay during observation
by the relation

0o At

(l-e )t

where A is the observed counts and A is the corrected counts. For each
such card, the observation number is set equal to one. If the count ob-
servation includes background, then it is necessary to convert sample and
background counts to rates, subtracting the latter from the former, before
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making the above correction. If the product of the time difference, td1
between observations and the decay constant, X, is greater than 0.0l,
significant decay is said to have occurred between observations. If such
is the case, the observation number is set equal to one and the time at
which the observation Is made is unadjusted. If, however, the product
Xtd is less than 0.01, then the time of observation Is set equal to that
time of the first data and the observation number is set equal to that
of one plus the data Immediately preceding. The source programs are
listed in Table XVI, XVIII and the output listing for botO forms of
DCISON is given in Table XVIlab, XIX.

Chi Square

CHISQ is a program used to determine if a counting system is performin(
satisfactorily. This program obtains its input data from DCISON but it
is not part of normal data reduction; rather, it is used when testing a
counting system. Data for CHISQ is obtained as a series of count rate ob-
servations, each for an equal interval of time. It should be noted that
any counting system should exhibit only the Poisson variations of random
disintegration process except for minor long term changes. The source
program is listed in Table XX, and in Table XXI is the output listing for
a sample program.

Decay

DECAY is a program used to correct for radioactive decay in the countin
rate of a sample. In the present scheme of analysis three programs are prc
vided depending upon whether there are one, two or three components of deca
The number of decay components (i.e., decay constants), is sensed by the
preceding program DCISON, and appropriate on-line instructions are provided
to the computer operator. For this program the cards associated with the
problem constants provide the decay constants. The program interprets thes
decay constants as the slope of straight lines on similog paper and fits th
observed counting rate data to the straight lines such that the sum of the
straight line components, one for each decay component, is equal to the
observed counting data; as a function of time the smooth curve through the
counting rate data is optimized by the least-squares process. The source
programs are listed in Tables XXII, XXIV, and XXXI, for Decay I, II, and iH
corresponding to 1, 2, and 3 components of radioactivity. The program es-
timates the most probable counting rate for each component of the radioacti
sample, up to a maximum of three components. This estimate is at either
a given day and time, which must be less than the lowest day and time, or
the lowest day and time depending upon the information given in the data
of pr)blem constants. Additionally, each data point Is corrected back to
that time so that the resulting output data which is shown In Tables XXIII,
XXV, XXVII, respectively for Decay I, I1I, ;d III consists of the average
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counting rate for each component as well as the average total counting rate

of the sample along with the counting rate of each observation broken Into
its constituent radioactive components along with the sum of these components.
In all cases the other experimental parameters such as time ot observation,
background counting, and time of observation of the background counts, number
of samples, and number of observations per sample, are preserved so that sub-
sequent programs can associate confidence limits with these count-rate es-
timates. Although some variance of data points from the idealized curve is
possible, extreme variations are not tolerated by the present program. This
Is because weighting Is not employed to allow counting rates that more closely
approximate the predicted value (based upon known half-life) to be considered
more important than .hose counting rates which deviate considerably from the
predicted values. For the same reason, gross errors can result if the absolute
magnitude of one component of radioactive decay is small in comparison with
the absolute magnitude of the sum total of all components of radioactive decay
present in the sample. These limitations, however, do not impose serious res-
trictions for practical radiometric analysis, and the Incorporation of these
limitations together with those concerning the duration of time of observation
and number of observations per sample, which will be discussed as part of the
following program VAR, greatly simplify the mathematical analysis and re-
quired computer programming.

Analysis of Variance

VAR is a program for determinong the average counting rate of a series of
observations made over a period of time. As such, there are possible mechanical,
sampling, chemical, (when more than one sample is being compared) and non-Poisson
counting errors in addition to the Poisson variation of radioactive decay process.
Its input is the count rate of the sample and background counting rate pro-
vided by DCISON. The program also estimates the confidence interval associated
with the average count rate.

The program considers m samples whose hypothetical true count rate is the
average of an infinite number of observations made on an infinite number of
samples. Thus, the m samples represent a random collection from the sample
population. This population has a mean and a standard deviation, whose
estimates based upon m samples observed a finite number of times are, res-
pectively, p and a. These parameters, along with identification data, are
provided as output data. It is assumed that each sample is observed for the
same number of times, that each time duration of observation is the same,
and that a separate background determination is made for each observation.

In addition to determining the best estimate of the counting rate, an
estimate is made of the confidence limit associated with the standard de-
viationJ 0.90, 0.95, and 0.99-level of significance. This level is used
in calculating the upper and lower limits of the confidence interval associate(,
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with 11. Additionally, the number of additional samples, or observations, in
the case of single sample, required to reduce the estimated error of the measut
ment Is calculated and punched on cards together with the other output data.
The program is listed in Table XXVIII, for the case of one sample, and the
output of a sample program Is listed in Table XXIX. The result Is the best
estimate of the counting rate of each component of radioactive material. up
to a maximum of three, at a given day and time, along with the confidence
interval of these estimates. This best estimate is based upon a series of
observations made on a series of samples. Similar source programs for the
case of many samples, are listed in Tables XXX and XXXII. The corresponding
sample output data listings are in Tables XXXI and XXXIII.

Backing Thickness

BACKTH calculates the thickness, XF, of backing material for radioactive
samples by three differeot methods. First, the data may already be given in
the desired units, mg/cm , which merely entails punching the sample number
with its associated thickness. Second, the thickness may be given in mils,
in which case the density, p. of the backing material must accompany the value
of thickness. Third, the data may be given as the ratio of counts observed
when the backing is used as a absorber. Input data is obtained from the out-
put of DECAY 1, singe this program is also not part of the regular reduction
routine. If the density is missing, t~is Indicates that the backing thickness
is already In the desired units, mg/cm . If the density is present, then the
thickness ;s In mils, which requires changing these units to milligrams per
square centimeter. This is accomplished by multiplying the given value of
XF(I) by

103(in) 2.54 (cm/in) p(mg/cm )

where p = the density of the backing material. Thus, XF(I) is now in the
desired units. On the other hand, if the value of XF(I) is missing, then the
data card must contain the maximum beta energy for this particular isotope,
E, the counts observed when the backing is used as an absorber, AA, and the
counts when the backing is not used as an absorber, AO. A zero value of XF(I)
instructs the program to check the geometry number given for the present
execution of BACKTH. A geometry code number less than 10 indicates narrow
geometry. If this is the case, the above entries on the current data (ard
are used in obtaining a value of the mass absorption coefficient, a, by
employing the following equation for narrow geometry

22 2El.33  , cm2/gm

where E = energy, Mev. If the geometry code number is greater than or equal
to 10, Indicating wbde geometry (2A or 4v), then the given value of the
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maximum beta energy, E, Is checked to see if it is less than 1.45 Mev. If so,

the following equation for wide geometry is used to determine a

60

E

If the value of E Is greater or equal to 1.45 Mev., the equation, also for
wide geometry, is employed

200

After the appropriate value of a is determined, it Is used in calculating
the corresponding value of XF(I). This is done by substituting the values
of AO, AA and a into the following expression

XF(I) =In (AO) I n (AA)

Immediately, this value of XF(i) and Its associated sample number are punched
on cards. The source program is listed in Table XXXIV and Table XXXV lists
the output data for a sample problem. It should be noted that these programs
do not handle the case where the geometry is actually neither narrow or wide
but somewhere between the two special cases.

RESULTS

The response of the selected foils to moderated nautrons is shown In
Figure 4. In this Figure the response of each foil was normalized by
dividing the observed aetivity by the maximum observed activity. This normal-
ized activity is the linear left ordinate and is plotted versur 'he paraffin
thickness, measured in inches along the logarithmic abscissa. The only ex-
ception is the cadmium ratio determinations. The cadmium ratfo wis calculated
by dividing the activity of the bare foil by the activity of the foil covered
with 20 mils of cidmlum. This ratio is the linear right ordinate plotted
against the same abscissa. The reciprocal of the cadmium ratio rs the fraction
of the total number of neutrons having energies greater than the effective
cadmium cutoff energy(N.B., for the cadmium thickness specified above and for
an ambient temperature of 230 C. the effective cadmium cutoff energy is 0.48 ev).
FFom the cadmium ratio an estimate may be visually obtained of the average
neutron energy. This may be used as a comparison basis for the foil response.
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It will be seen In Figure 3 that the response of each foil Is fairly narrow
and does not overlap more than a portion of the adjacent foil. Further, it
will be seen that there is no energy at which some foil does not have a sig-
nificant response. Most of the foils have responses between I and 16 Mev.
This is the energy region where most resolution is needed in thg study of
the penetration of l-Mev neutrons through shielded structures.

CONCLUSIONS

Twelve feet of paraffin will thermalize at least 99 percent of all 14-Mev
neutrons as evidenced by the measured cadmium ratio' of indium. The response
of each selected foil, ordered In decreasing energy, overlap no more than the
response of the adjacent foils and there Is no energy "gap" for which there
is no response of at least one foil. The resolution of foil response, i.e.,
the width of the response curve, is most suitable for measuring neutron
streaming through ducted entranceways of protective structures.

A series of computer programs Is most useful for the reduction of foil
activation data. The programs are written for particular application to
shielding studies where several different foils are irradiated in many dif-
ferent locations in the shield. The programs take care of the "bookkeeping"
for such an experimental program, such as foil positions, foil type, radio-
metric system and geometry, and different observations for the statistical
analysis incorporated in the program.
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COUNTING DATA

NOTE AS MANeY CARDS AS THERE
ARE 253 IN COL.UMPN 2 !%
POIECEEDoING DCKC X5 X11XX I

NO 'COt.2-4 

"- 11-95iX
LOW Low 11*OS

NOEA AY AD SDAY TIME 40.
NOE AS MANY CARSA

W S

INN S E-8
COL 2 4-b 1--SEAftCN FOR LO'W TAWE,
DECAY P"O SECOND0 DAY
CODE 40O. 2 2 aV TIMEC AP40 DAY GIVEN

NOTE CARDS APE IN SAME ORDERAS PRECEDING OECKI AS MANY
CARDS AS THE TOTAL NMSMERS
IN COILS 4-5 Of PRECEDING NE xAE

CCI 4-S SIC0
PECKC, NO OF PROS

[A. SAMPLE NO.
NOTE AS MANY CARDS AS THE TOTAL

NMBER OF GROUPS FOR ALL
POI. CMS

NOTE : A OMN CARD. AS HESU

CDOFANOCTSO FRGCRSNOTE AS MANY CARDS AS TSESTU

NO~~~~A TICAE DAYS TPI RSE-PA IME NOTET ASM MAYC4SASPOL0I

Figue 3 Forat f prble defniton crds



Normalized Foil Response

S(n,cr)

SJ 0n )145h

Mo'gn 155

00
Al0, ) . 1I

Nqur P. Resons o2 62Icte hort ioo~td to



TABLE I. List of Foils

Foil Reaction Daughter Half-Life

In115  (n,n') Inl]5,"  4.4 hr

In115 (n,y) In116  54 min

Cu6 3 (n,2n) Cu62  9.9 min

1127 (n,2n) In126  13.3 d

S32 (n,p) P32  14.3 d

S34 (n,a) S131  2.62 hr

P3 1 (n,p) S131 2.62 hr

Fe56 (n,p) n 56 2.56 hr

Mo9 2 (n,2n) Mo91  15.5 min

Al27 (n,p) Mg27  9.51 mn

Al27 (n,a) Na24  15 hr

Al27 (n,y) Al28  2.3 min

Cu65 (n y) Cu6 6  5.1 min

17



7ABLE It PRE DATA COMPILER SOURCE PROGRAM

C PRE-DATA COMPILER
DIMENSION MM1125)

KAu
10 READ 105#N1

105 FORMAT(15)
PUNCH 105N1
DO 200 I=19N1
READ 1069NYX

200 PUNCH 106oNYX
106 FORMAT(40H

132H 912)
READ 1059N
PUNCH 1059N
DO 201 I=l#N
READ 8079MM(JJ

201 PUNCH 807#MM(I)
N3=0
DO 202 1=1*N1
READ 1Q59N2
N3aN3+N2

202 PUNCH 1059N2
DO 203 I-loN3
READ 1069NYX

203 PUNCH 1069NYX
READ 1O505
PUNCH 105*N5
N6-0
DO 205 Ix1,N5
READ 4019N7,NNM
N6xN6+N7

205 PUNCH 401,N7.NNM
DO 206 1=1N6
READ 1069NYX

206 PUNCH 106,NYX

DO 208 I=1,N
READ 408IC9IP
IFIIC-2)2089209,208

209 .=J+l

408 FORMAT(I2#141
208 PUNCH 408#IC.IP

D0 210 Iulj
READ 106*NYX

210 PUNCH 106,NYX
Iza-1



PUNCH 10991Z
109 FORMAT(4OX,32X*12J

3 READ 100. B4,83,1A7&1A6v1A2s1A5vDqB6,1B5#1A3,1A4#IAlJ82,B1
1Ff 1B5)5*3095

30 PUNCH 110
110 FORMAT44OX940X)

PRINT 606
808 FORMAT(27HEND OF PROBLEM* REREAD DATAI

PAUSE
K K4 1
IF(K-N)10.10000

4 C2=182
BZ-C2/ 100.
IF4841 1#2.1

1 PUNCH 101. IAl ,1A2,1A3,1A4,1A5,1A6,1A7,8lB2,83,B4,JBBtD,86
60 TO 3

2 PUNCH 1029 IAl .1A2,1A3, 1A4,1A5,1A6, 1A7,BB2,1B5,DB6
GO TO 3

300 IZin-9
PUNCH 109lZ
PRINT 100
STOP

$00 FORMATI13HLOAD POST PDC)
100 FORMAT(F7.2,F8oO,313, 12,E9.3,F5.2,214,15,J14,16,1XFS.O)
101 FORMAT( 14.13.14,15,12,2l3,F8.0,F7e2,F8.oF7.2,14,E9.3,F5.2)
102 FQRMAT( 14,13.14.15.12,213,F8.0,F7.2,15X~j4,E9.3,F5,2)
401 FORMAT(2151
807 FORMAT(14935H

END



'- V-.- vy N4 N IC e N Nf

v -4

-j

06

0 000000
000000

00

(Z 000000
00ccITc 00000

0 00
9- 00

441 000000
9- 00000000

.L V-4 N M - l0 0 0 P4 o-r4 P4 v-4z 00- 000---O
w-4ww V4ij P-4 N N P

%0OrcOufl 00000ow P4r401C4C -4 000 OOOOOON .- Ne- rO- 11- 0-4I I I q4 J.-4 .4 -4 el -4000000 -4
-4 WLLJJ 00060000 000000

NNi m or00.-Nco P.000 0
4'4-0 v-4 P4 CN -4



*00 0 0 te 0 0. 0 * ** * 0%0fl 4 f-00P -c 000 000 0 00 a0 *00 0
0*NN 0O04 k l0wt% NtC% %cull0N O 000 00000000 0

P4 ~~ ~ ~ . m 4r O~~

00000000000000000000000000000000000000
00000000000000000000000000000000000000

Iin0 #-0-4 N~4M000 M 0P%00 0% 0 0 O %Q % ) 0 000 0 0 0 M M M -4 P'- PM-4

0O 0 0 00%IN00 O 00% r 00 0 0 Ch0 Ok h 0 04 0 0 00 N A % 0

0- P4 MMP0 P4 O 0M0 0OMP- r40-4MMMM00-400N N NNMV40- P41- - v4W4.

NO % %0NO % 0 0 0 00 00 00 0 P- 0-4N-iM MM M M M

0000 0 00%ON 0 00000000%0% 7 IN000 0YA00000k000 00 0 00(00

0 ~ ~ + a +

000000000 00000000 00 00000000 oooooooo
OOOO00000000000000000OO0ONNNNNNNNNeNNNN

0 0 0 0.0 0.0.a 00000000000000*000000000

-P4 P4P4 P4 P -4 N -. o4P44 P4 P4P4 N N0N 4 V4 f4 P4 " 4P4 4v4P 4r 4e 4e
P4P4P4P4v- - V1 04 404v404P494P0 0 P -4P4v

'~4 f-4 0 0

P4. r-4 P-4. -4 -

00

co0 0 0 0 000
00 0 0 0 c00

0" 0N 0%0%0



~~~~P r t- f- f M~ M 0 0 0 0 0 0 0 0 0 % 0 0 0, O% O%

000000000000*00 000000000000

00000 00000000 000000 0000000
-- 4w -4 P-4 -4 -4P-4 -4 o-4 -4 -4 4-4 -- 4 .4 -4 -4 -4 -4 f-4 -I -4 o-4

0'O'2%0% 0 0N N .* 0t %Vcc0o0 Ch-4 4 ' f%4A4NI 0i

Mtni 0f-fl-o0*-0001- 0 I"- 0f -0f- 0 0000000

100%04%000%0%0 0 % 0 N OD%D 0 %Q 0 0 zO
* *@....... 0 *00 00 00 a0 0o 0 00 00

#-I4-4 -4 -4-4-4-4-4 - 4 - -4 -- 4 - -4 -44- 4 -# 44-4 -4 -4 -4

P"--4-P 4 M -t M 4 1 (WI * M 4t M 4 M 't M MV MW M M~ (4) M
00000 00000 00 000000000 00000
4 4 1 £, , £4 11 t~ii I IIII114
wtiJwwUJWUwL&w~JWtwwwwwwwIJJ wwLL AWw
000000000000 0000000 00 00000

NUNNOO00000000O000000000O0000
V-4-44444444444-4.

P-r-I -4P4 N4 N 4 4 N P4 N - N44NP4 P4r4 P4 4 4 *4

-4 -4 -4 -4 -4 V-4 -4 0-4 P4- 4 -4 -4-4 -4-4-14

V-4 "4 r P4 " 4-4 -4 -4 -4- 4 -4-4P4 -4 -4 -4-4 -4 -4 44 -4-4 44
0-4 V-4 #-I-- V -4 v-4 0-4 -. 4 -4-04 r 4 -4M4-04

P-0-4 - - V4 V-4 P4P- -4 - -4 -4 -4-4 P4 -4 P4 r44 - O -4N N

N0% 0 N (0K C) 0 0 M P- M 0 0%00- N N N UN '
f - 00 00r f'- W0W0000W0 f* t- W0000W00W0W

r-4 -4 -4-444 -4 . -- 4 -4 -"4-4.-4 -4 -4-44-4 4 -4

000 C. 00000000 41 000u4 v4 c4 14 - V o



000000 0000.

0.

00

0.0

w

cc0 000000
I 0000c 00 c %

U.w 0- 00004 0
0 cc

000000

0 00

00 0 00C 0 0004
co 00 000000

I 1 4 P-4r-"44" 0 04 0 0

4wOut 0 0000000
0 00 OOOgoN c O c
f- r- cm N m444-4 00000a -40 - f-0 Nm

Wi N ty on 0 P44P 0N .4.4 0 drNdNNQ c 0 )
CI * * 0 0.4 t N N ON "P004Nc

0- 4 4" 4 P4 4NN(4 qN 4NP Pp -4r



00 -4 000000 0 V-1 00

-a 0 40 -0
*04 Cr4 .

P-4 -4 4 P-4
00000

w w wL&JL&
00000
040000
f-4-4'4 W"' V4

* 40 4

00'

P-4J NN

04c 00000-
00000 Yun0 000
*9 4 - 0 *

f-44M-4 -04A4

00000

00

ry OD~4-4 n%0" 00C4 00
wc oGOD00 0000

ww w w 4- P-4 *I(I % O
O4l4 ON ON0 4 zJ IJJ 4 -4--4-0 0co4 
# -4 - Coo 000 O 0

o cd P-4r4 .4 1s v44 - 000000
*A A l 0 00 00

CD CC v- -4 *-4 a 0 ON COG 0 C-0O
co v- f" - N J4 4-00A-40 0 -

0%0oq'0 A.It r00 00 00 o -4 %-4

v."LILJ. 1. f- ry *Ot 0 14 n0 CO OC OC0Q

V-44V"



0 00000 000

00@000*

000C;0000

00000000
00000000

'a0% 4N 40000000

OC%0 '0 0 W% in0% aa%0a%

0000000

0-4 P4N4 0- -0 0'4w wV4V4NP0P4%

0000000
00000000 000

00000000
~~4 N a cm NO -

w w o000- 0 0 0 0 00 0
+Nu I I 00 1C%0 000

0 N 4 0 0%A W4 m NO0 00 0 0 .4s .
N0NNNMM 000 00000000

00 NNN NN 4 4 4 0 F4'. 000000
ww0060 000000

cm4~ LaMJoWc 4 P-4 P4 "~
0%0 a ~~0 - %a 4000
r4 ry00

V4 V-4N P4000000



000 No%0%0 0 D% %-O%00%

0000000 0 00 0 0 0

WUWWLLWWWLLWWS.AWWLLJL
00000 000 00000 C000
00000 000 00 000 3000
44444444t4 44444

00000 000 0 000~00 00

0000000000000000
0000000000000000

%* **0 0*4 4 4%0 a % % 0%001

00000 00000000000

N0- O0 4NN NN

*0 * 0 0 0 0 * 0 0 0 0 0 0 0 0

v-4N~~O 0~ % -

- LI4

P-f-fO N 4 000Ui000 00
-00 N N NgNNNNNrNeaNN NN i I3

0 0 0 0 P00- - - r - - 4F- 4o 4OI - 4P41

v44 fn~ GoC
-4 -4 4 -4 -4 ,v4 N 1-



000000 0000 0~

000000

000000

000000

000000

9- 000000
000000

0 ~000000 *00
000000

00 000000

00 00
00 000000

0 P4 -4r- 04 CYAIg4p' 0% 0%- 04000 I I I- -k0 P %4

a*4 00 00 -00e -0r 0P- -P-4 " P-4
* 5** 000000 m

a04e-,4 co G Nco0 0 r 04 -40N M 4- P 04 0 P4 0P40 0 0
WUWLWL '44'N .eve .4C %000 00 04P -P-4N0 0 N t O "4 p "qN N ""P

0-4-.- u. 000 0 t-4 P-4. 00 P4NP4@IP *P



000 00000

0000

000000
0000-r1 00 0

% - 0% cc4 -j0 00

0000%0000

000 %0%-0% 0%

00 000000

P00P4P0 P 0 00 00

P-4 #- v-4 P4 t 40 0 00 0

00 000000

00 III 00 )%)0 00

Nwr .. C.U- -44$ w U U -4P0 P NN

-4 -4 .4 -4 00 0,00 0r 0N l0t-100

P-4 ~ -4- - I P-4. 4 4 -44 0-4o000 00 - .

uwww .0 0 6.0 000000
9 4 P4 4 0 0 oc o DNc

P- P4 4 4 1- P-N CY P- y -4 P-4 I 0 0 -40 #- 0 %a P. 0 0
m m o )-4 N "4 N P4 N P-4 N -

P4~ ~ 0- 0 n % * -4N Ok00 0



a.~ 00 00%0 0

coo

pwp4p

000

000

000
000

000

00000

000 -t00 00

00000

0*0e

* 60 000000
tP0 1000000

In 00 4 0 0 N%01

%ON 04 0000000-

pwwpwp4 0. 4 - yN

0-4 -- 00000000O 0f- -
oo 0- -40- 001 000000 4

w MNI ON 40 0000N
0 00 f- W- N N4 M r4 V4 P-4 O-

N.4p Chf *n o( - 0 00000 NP NP-
0,0 0-4 0- 0-4 C o, 00 -N O04040 00

r4ey#0 f y Y '4p%00 -4 P4 4 NN-4

004 P4'4- W4 "1 P4-#P44W44P0000 YP0



00.- 000000

0000

0000

0000

000 -00
1 0 000

%D InN N Wi 0 0 0 0 0 0
*4- 0 000000

-- " 4 t1 N O Q% 00 0 0

00 000000
I- PI 0-40- 1 1 c o t o 0

W- W. P-4 co"4'

0009%%(o~o 4 000000
*- 6)f 000000

V-4 '- N %a CY 0 N'
P-.4 4 (N -4 -4 4 C ) 00 -e oo4"r4 -4 "4 "0000 00, 00r-4 O -4uP-40

"4 0-44"4"4+ I I1-4 'OO N0i 0%0000000

00 0 -4 04 4 I0 0000C)ON~..i00 00
m 0) w ujwW *0 06 0 000000

co00 0 w~4 #4- NN4 00OO 4c 4g0 000 000

N -4 P4 v-4"4 4 4 Nr"4 "40 "4"44 N N .



000 00-4

0000000000000000

wwuwwwwwwwwwwwuwww

0000000000000000
0000000000 0000 00

Inb

0000000000000000 w
0000000000000000 0A
t"looooonm 0

0-4 040

4. 04 -4f 4 V-4 P4W4 V-4 4 .4 P4 4 4 4" N4
00
I I

P-4P- P4 -4P-1 40- V4 -4 -4P4q- J u
00

0000 0 &A 000"%4e t 0 0Q P

P- - -4P 40. - - 0 4 4 4 4 4 4 4V4 + I 1 4
-4 Uw~www

m m wI 0 0i 0 0
00 P- 4- -4V4V4V4 4 4 4 4.4 V4 PV4 04 0 O ONf-o00 C (4ooo ~P N 4N q

P- 4 N 4 y N q m
0%0 cy44~r . N (n O0 0

CY00



0000 0000 00-

0%OO

V'4 0-4 4

000

000

000

000

000

f-4 000
000

0-4-4-

000000
000000000

4-I--4

000000 m

000000
%0 ev4a (4 %0 %49-

00- 000000w 4 " 0
00 1- -0* - 000 N 0

0 0 coJ -4 N -4 -

0 0N t-0 -0 0
-4l 400000o0 F- - 0 0 04-1-4

0- "v400-0 4f0 %0t- 0 0 -4N 0 OO

0% 0-4 V-4 P" N N NdNr4
0~V-40O r-4 P4P""qr-



TABILE IV P05r DATA COMPILER SOURCE PROGRAM

C POST DATA COMPILER
DIMENSION NS(100i

2 1--l
I READ 1009NYX
PUNCH 100#NYX
IF (NYX+1 11.10.1

10 READ 101. 1I1.A2,1A3,1A4,1A5,IA6,IA7,B1 vB2.83,B4,B5,DsB6,NYX
NSi 1)'IAl

11 READ 101s IA1,1A2 ,1A3,1A4, 1A5 . A6, IA7,81 8?,63,84,165,D6NYX
IF I JAIo16o 1 5t16

13 IF(NSfj)-TAl)12,11 .12
12 J=J~1

14 1=1+1
N541I)!?Al
60 TO 11

15 PRINT 102

408 NLI
DO 300 1=29N

402 IF(NS(J)-N5(J-I) )40jq30O,30(C
401 KEPNSij)

NStj~mNS(J-1;
NSIJ-1 ,*KEP
IF (J-2 140.300*40

40 J-J-1
G 0 To b2

300 CONTINUE
ION

400 D0 2000 J-1*l
200 READ 1009NYX

20' READ 101* 1AiIA2,IA3.lA-.,A%1#A6,zA7,BkvB2,83,B4,I85.D8,'4vA
IFIHA1)2029,200192 02

,L liziUAIlNS1J)02049203,Z04
201 PUJNCH 10! ,IA! ,A2.TA3,IA'.,1A5,,A.5.1A7.Bl ,B2,B39B4!B59D9B6qNYX

4.0 TO 204
2001 IFdi-IJ2002520092O02
2002 PRINT 102
.00 CONTINWE

PRINT 103
PUNCH 101.IAI,1A2,1A3,1IA4,1A5,7IA6.,iA?,B1 .B4'e3~,iB5.D,86,NtX
PA USE



GO TO 2
100 FORMATi4OH

1.32H 92
101 FORMAlt I4gI3,I4,I5,I2g213,F8.OF7o2,F8.OF7.2914#E9.3,F5.2,
102 FORMATC.11HREREAD DATA)
103 FORMAT(16HREAD NEW PROBLEM)

END
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TABLE VI DATORG I S6URCE PROGAAM

c DATA ORG I
DIMENSION NN(100

406 Ktl

PUNCH 16e#Nl

READ 160AUN Il
S 6UNCH 10lTAusNN11
4 AtADA1~NAYX

PUNCH 10?,NYX
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to to /.02

800 CONTINUE.
22 READ 1Q3,IA1oIA2,!A3, tA4,IAStA6,1A7.81,82,83,B4,!85,OKB6

21 PUNCH 103. TAl ,IA2dtA3, A4,1A5.1A6,IA7,Bl,82.83,B4, IB5'DK#
G6 To 22-

20 tf'IA i224Zls22
i5 KlK41

24 PA1NT 461
$61 FOR1MATI23HREPEAD DATA# PUSH START)

* 0AUSE
500 AtAD 102*NYfX
- IF(NYX+11500#22#500
106 PAINT 108

A UNCH I10
11b FGRMA1140Xi4oX)

PAUSE -

40-1T0 430
Q6dxt k-i -

CIO To 2
los rOANAT1U7HLOAD NEXt PROBLEM)
106 P6AMAtrifil

102 FORMAT14OCH



103 969MAT( 14.13.14,! 5,!22?? 8eoF.2r8O972I',E9.3,r5.2)
END~
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TtBLF VIII DATORG If SOURCE PROGRAM

C DATA ORG 11
I READ 2009NYX

IF (NYX+1 )1*2.1
2 READ 201*1B5

IX5xlB5
PRINT 202
PAUSE
READ 1009NI
PUNCH 1000N1
DO 10 I-1.N*2
READ 2009NYX

10 PUNCH 2009NYX
READ 1009N2
*00 20 J1=102
READ 204410R08,NLMvXLAMlXLAM2*XLAM3
IP(IPROB-185)20%21920

21 IYI=IPROB
IY2=NLM
XK1!=XLAMI
XX2=KLAM2
XX3uXLAM3

20 CONTINUE
NN-0
DO 22 I1.*Nl
READ 2059N39N4
PUNCH 205vN39N4

22 NN*NN+N3
DO 23 1mlNN
READ 2009NYX

23 PUNCH 200%NYX
NYX --2
PUNCH 2O'3aNYA
PUNCH 204*IYI*1Y2*XX1,XX2,XX3
READ 1009N5
NNu aQ
DO k5 IT19N5
READ 20$pN3,N4
NNN3
IF; N4-IA5 25 ,?b 25

26 PU.NCH 2050N304
25 CONTINUE

DO 27 I=1.NN
READ 2059N30N4
IF(N4-IX5I27#?8,2?

28 PUNCH 205#N3*N4



2? CONTINUE
NYX~-3
PUNCH 203#NYX
NNsQ
DO 29 I11N2
READ 209tN
IF(CN-2) 29p30 ,29

30 NN2NN+l
29 CONTINUE

TF (NN) 31 .32,31
31 DO 33 [Ir1,NN

READ 206*JI9J2sJ3
I~ I.(,3-I X5133#34933

34 PUNCH 2069J19J29J3
33 CONTINUE
32 READ 200tNYX

PUNCH 2OO.NYX
IF(NYX+1 132*35932

35 READ 207,iAl,1A2,1A3. IA4,TA5,IA6,rA7,BlB2,B3,e4,iB5,DK.B6
IFI IA1)36,37936

36 PUNCH 207, IA1,1A2,1A3,1A4, lAS. A6, 1A7,B1,82,83,84,185,DK,86
GO TO 35

37 NY~n-9
PUNCH 2039NYX
PRINT 208
PAUSE
GO TO I

100 FORMAT(15)
200 FORMAT(40H

132H *121
201 FORMATi40~ol4X*14)
202 FORMATC11HREREAD DATA)
203 FORMAT140X,32x#12)
204 FORMA7(14*1293E9*3)
205 FORMAT:21iS
206 FORMAT(14915914)
207 FORMATt 14,13,14,I5,12?3,F8.0,FV.2,FB.OF7.2914-,E9.3.sFS.2h
2r8 FORMATi414HLCAD NEXT PROF3,
2UJ9 FORMA11J21

E N 0
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TABLE X DATORG III SOURCE PRO~GRAM

r DATA ORG III
DIMENSION TAU(5O.*ISYS(5)1NTD100, ,NTT(100),IFD(100),BKGC(100)
DIMENSION BKGT(lOO),IFT(1001 ,ISM(100)

1 READ 100*N1,NYX
2 DO 10 !21,NI

10 READ 1O1*TAUfI)91SYSII)
NXmO
DO 11 I=I#Nl
READ 200,N2,ISMM

DO 12 I1,NXC
12 READ 102,INTD(I)dINrT(1),IFD( I),IFT(Ii ,BKGC(I),BKGTCI),ISMhI1
15 READ 103sNYX

PUNCH 103#NYX
IFINYX+1 115,14,15

14 READ 104,Al,1A2,1A3,1A4,1A5, 1A6,1A7,BB1,2,B3,B4. 165,DKCB6,NYX
34 IX2=1A2

1Y5=JB5
DO 16 Iv1,N1
JF( IA2-ISYSI 11,16917916

17 PUNCH l11TAU(I)9lSYS(I)
Jul

16 CONTINUE
DO 50 I=19NX
IF( TSM( I -1x2)5O,51 950

51 PUNCH 102,TNTD(.I),INTT(!),IFD( I),IFT!I),BKGCCIIBKGT(1).JSM(1)
50 CONTINUE

NYXU-5
PUNCH 3009NYX
NYXmo

52 PUNCH 104,A1,1A2,IA3,1A4, 1A5,1A6,1A7,81 ,82,B3,B4,IB5,DKCB6,NYX
IGDwIA5
READ 1O4,A1,IA2,IA3,1A4,IA5,1A6,IA7,B1 ,B2,B3,B4,I85,DKC,86,NYX
IF( 1A2-1X2)53952953

53 IF(NYX+9)60,54960
60 NYX-6

PUNCH 300*NYX
Go TO 34

54 PUNCH 300,NYX
300 FORMAT(40X932X912)
100 FORMAT(I5o35H

132H .12)
101 FORMAT(Elle4iI4)
200 FORMAT(15915)
102 F0RMAT1 14,15,14,15,F8.O.F7e2, 17)



103 FORMAI(4OH
132H 912)

104 FORMAT(14,13,14,15,12,213,F 8.OV?.*21 F830,F7,?,I4,E9.3,F5.2,i2I
204 FORMATH21HEND DATA ORG PROGRAMSI
800 FORMATFI3HLOAD NEW PROB)

END
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TABLE X if RESOLUTION SOURCE PROGRAM

C RESOLUTION
1 READ 2019NYX

PUNCH 201,NYX
ZF(NYXg1111s

10 READ 1009TAUISY
11 READ 2019NYX

PUNCH 20loNYX
IF (NYX*5) 11*12*11

12 READ 1O1.IA1,IAZ. 1A3,1A4,1A5,1A6,1A7, B1,B29B3*B4, 1B59D*B6,NYX

13 PRINT 104
PAUSE
6O TO 1

14 CB81/BZ
FTAU& .mC*TAU
TRUE=BI,'FTAU
PUNCH l01,1I1,A2.1A3,1A4,!A5,IAb, IA7,TRUEB2,83,B4,1B5,DB6,NYX
READ 1O11I1,A2,1A3,!A4,1A5,IA6. TA?, B1,B?'B3*B4,tB5,D,86,NYX
IF(NYX46) 16915916

16 IF(NYX*9)14920,14
20 PRINT 105

PUNCH 2OZNYX
PAUSE
GO TO I

15 PUNCH 2029NYX
GO TO 10

100 FORMATHE1.4o14i
101 FORMATc IA,13s14.15,12.213,F8o0,F7.2,F8.OF7.2,14,E9.3,F5.2,12)
104 FORMAT(27HERROR9 MIXED SYSTEM NUMBERS)
105 FORMAT116HLOAD NEW PROBLEM)
201 FORMATI4OH#

132H .12)
202 FORMATf40Xv32X912l

END
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TABLE XIV DEAD SOURCE PROGRAM'

C GM DEAD TIME LOSS CALCULATION
DIMENSION A'IP(200) vAN(2O0 ,IT!200)

90 READ 1009NYX
READ 107vlPR3,NRLAM9XLAM4

107 FORMAT(I4al2oE9oli
10 READ 1009NYX

IF tNYX '1 10911 .10
11 READ 1O1.IliaA .1A3, IA4,IA5,JA6,IA7,BlB2sB3,B4,NYX

IF( IA5-7) 11912 a71

ISYVa[A2

IGEQ 1A6
ISaO
60 TO 200

201 READ 1O.IA1,JIA2,IA34rA4.IA5,xA6.iA7r31,B2,83,8 sNYX
IF' IA1-ISMP ;205 .202 .205

202 IFtlSYS-1A2)205,203v205
203 IF(IDY-JA31205 2O4v205
?C4 IF(IGEO-1A61?0592009205
200 i~I-l

AMP I )wel
222 LFTklA4/100

IT jj £1A4-L T*100+LFTr.60
GO TO 201

71 PRINT 103
103 FORMAT(12HNOT TAU DATA)

PAUSVE
Go TO 90

205 J-1
AN(.J)'AMPtil

ma ;-I1
DO 300 I-ION
TIMEu 1T44_)-IT( I

300 AN(II 6ANi JlEXP,XLAM*TlM.)
SUNT - 0.0
SUMB a000
D0 4'0 121,4
Sa AMP(I)*1.-AMPtll/AN(I)h

SUMT a SUMT -t ST
Z8 AMP0UI**2

40 SUMB - SUMB + 5B
DT SU*4'/SUMO

IF (DT h40'oG2..4O2
LOO0 DT=O.



402 PUNCH 106
PUNCH 105#ISYS*IDY*DT

13 iF(NYX4+9)70O,7O,700
70 PRINT 102
102 FORMAT(16HREAD NEW PROBLEM)

GO TO 90
700 ZF(NYX96)701911#701
701 PUNCH 1009NYX

GO TO 11
100 FORMAT(40H

1 32H .2
101 FORMAT( 14,13,14,15,12,213,F8.OF7.2,F8.oF7o2,18X,12)
105 FORMATC2I5v2X9ElO.4i
106 FORMAT(6HSYSTEM94H DAY99H TAU)

END
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kBLE XVI DECISION I SOURCE PROGRAM

DECISION I
DIMENSION X( 3096)

202 FORMAT(16HLOAD DECISION 11)
203 FORMAT(I6HBKG INFO MISSING)
112 FORMAT(16HREAD NEW PROBLEM)
300 READ 2009NYX

READ 201*PNNRLMs XLoXLAM2sXLAM3
IF INRLM-1 )250,350,250

250 PRINT 202
STOP

350 PUNCH 200,NYX
PUNCH 2019PNoNRLMi XL*XLAM2,XLAM3

210 READ 2009NYX
PUNCH 2009NYX
I F(INYX+li 210.2 11, 210

211 LLmO
KKKO0

221 READ 100, 1C1,IC29 1C3, C4*C5,C6iNYX
IF (NYX+5 )212934,2 12

212 !=LL~1
X( 191)=1C1
X( I,2zI1C2
XI I,3)-IC3
X( I ,').3C4
X( I,5=mC5
XI I,6'IC6
LL=LL+ 1
GO TO 221

34 READ 1029 1Al,1A2,1A3,1A4,IA5,1A6, IA7,B1,B2,B3.64,185,XLL,BbNYX
IFIK.KK )4000*400494000

4004 KKK~l
4001 IGxJA6

LRR' lA5
ISM=IAl
ID-0
ITwQ
J=1

4000 IF(NYX+9' 215#2169215
216 PRINT 112

PUNCH 877*NYX
877 FORMAT(40X,32X,12)

IF (LRR-70 001,70020.001
7002 PPINT 7004
7004 FORMAT(17HTHIS PROB TO DEAD)
7001 PAUSE



GO TO 300
215 iF tNYX4614002,270,4002

4.002 1Ff 1A6-I1I!00106)4001
6 IF(!A1-ISM)4001953,4001

270 PUNCH 877,NYX
GO TO 211

53 IFI1D)7946,7
46 ID1=1A3

I t1=IA4
7 IF(TA5-1) 8,10,13

13 TF(IA5-2) 8,10#9
8 PRINT 104

PAUSE
GO TO 34

9 IF(B3) 11912911
11 IF(B4? 22*12922
12 A3=IA3

A4e 1A4
Jl
GO TO 14

17 IF (I-LL) 15.15916
15 IrI+1
14 IF(A3-X(I,1)) 17,18,19
18 IF(A4-XfI,2)) 17o19919
19 IFfA3-X(fv3)) 20920917
20 !F(A4-X(I,4)) 21,21917
16 PRINT 109

GO TO 10
21 03=X(195)

B4=X( 1,6)
1A3-A3
JA4-A4

22 C=81/B?--B3/84
Go TO 64

10 C-81/82
64 U=)(L*B2

IF(1J-*01 I 28!o29t29
29 CsC*U/il#0-EXP(-Ufl

lA7-1
28 1F(1A3-1 30931932
30 PRINT 107

GO TO 32
31 IF(IA4.-IT) 30P32932
32 IF(ID)i 33036933
36 Ac24.(IA3-IDI

BiIA4-1 T
GO TO 37

33 A=24*tA3-tDI)



BIlA4-lTl
37 Dm0.

K-1
GO TO 38

41 0-0+100*
K=K+l

38 JF(B-D) 39,40,41
40 80-0.

GO TO 42
61 DuD-100.
67 BD=B-D

GO TO 42
39 JF'(K-1) 60960,61
60 D=-100o
65 IF(B-D) 66,40967
66 DzD-100*

GO TO 65
42 T=60**Ae.6*D+BD

IF(XL*T-o01) 43,44944
44 JA7s1

GO TO 47
43 IA7r.J

JUJ+1
49 PUNCH 102, IAl , A2 ,ID1 ,I T1i, AS A6, IA7, C9B2 ,83,84, 85 ,XL B6,NYX

IDs1A3
IT- 1A4
GO TO 34

47 PUNCH 102,IA1,1A2 ,1A3,1A4,1A5.AA6,1A7, C,82 ,B3,B4,1B5*XL9B6,N'X
1D~ 1A3
lTs 1A4
JD1= 1A3
IT1= 1A4
GO TO 34

100 FORMAT( 14,15,14,15,F8.0,F7.2,39X,12)
102 FORMAT( I4,13,14,I5,I2,213,F8.0,F7.2,F8.OF7.2,I4,E9.3,F5.2912)
104 FORMAT(28HERROR9 BKG SUBT DATA MISSING)
107 FORMAT(3OHERROR, INCORRECT TIW'E SEOUENCE)
109 FORMAT(46HERRORP DATA CARD DOES NOT FIT GIVEN TIME RANGE)
201 FORMAT(149'&293E9*3)
200 FORMAT(40H

132H 912)
END
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TABLE XVIII DECISION It SOURCE PRIOGRAM

C DECISION It
DIMENSION Xf 30#6)

200 FORMAT(40H
132H 9i12)

202 FORMATU5SHLOAD DECISION 1)
203 FORMAr(16H8KG INFO MISSING)
112 FORMAT(16HREAD NEW PROBLEM)

NY £Q
300 READ 2009NYX

PUNCH 2009NYX
READ 2019PN#NRL?4,XLAM19XLAM2,XLAM3
PUNCH 2019PNoNRLMeXLAM19XLAM2*XLAM3
IF(NRLM-1 )2109250*210

250 PRINT 202
STOP

210 READ 2009NYX
PUNCH 2009NYX
IF INYX+ii210,21 1,210

212 LL*0

1T0O
pK&2

221 READ 100,ICl9.1C2,1C3v1C4sC5qC69NYX
IF(INYX4! 3212 .34.2 12

212 IzLL+1
x(I .1 JICI
Xi 1,2) u1C2
XI 131C3

XII ,4)u IC'.
XI 1.5) aC5
XI I,6)aC6
LLcLLt
6O TO 221

83 1Y1=IA1
IY2=IA2
IY3-IAS
1Y4=IA'.
1YS=1AS
IY6-'IA6
1Y7&1A7
GISC
Y2=82
Y3'-B3



Y4aB4

Y6=86
34 READ 102, IAlIA2,1A3,1A4.1A5, 1A6,1A7,B1,B2 .B3.84,1B5,D,86,NYX

IF(JAl )5391000953
1000 K~=3

GO TO 64
701 PUNCH 115*NYX
115' FORMATB4OX932XZZ3

IF (NYX+91211,216,211
216 PRINT 112

PAUSE
GO TO 300

53 IF(tD)7*4697
46 MrltA3

3T1=JA4
? IF(IA5-11 8*10.13

13 IF(IAS-21 8910*9
8 PRINT 104

PAUSE
0O TO 34

9IF(03) 11912*11
11 IFiB4j 22.12922
12 A3=IA3

A42 £A4

GO To 14
17 IF(I-LL)15#15916
15 10I41
14 IF(A3-Xil,1)l 17,18,19
18 IF(A4-X(I,2n) 17919,19
19 IFtA3-XII,3)) 20.20,17
20 JFlA4-X(Is4)j 21921917
16 PRINT 109

00 TO 10
21 B3-XE1,51

BA=X( 1.61
I A 3-zA3
IAA.:A4

22 C=81/B2-B3'B4
GO TO 23

10 C=B1182
23 IF(4-~210195791O01
57 4Ka

NMUc0
6O To 81

1001 IF(JY1-;IAl100O3.,1O02v1003
1002 IF!1Y6-1A6)1003*58s1003



GO TO 84
58 Wa24*(IA3-IY3$

YsIA4a.1Y4

Jul

GO TO 59
62 Z-Z4100o

59 IF(Y-Z) 60961.42
41 YZ'o.

GO TO 63
91 zeZ-1000
94 YZwY-Z

GO TO 61
40IF(J-11 90.90,91

90 ZU-100.
92 IF(Y-Z) 93961,94
93 ZM-10O.

GO TO 92
43 Tu6Oo*W+.6*Z+YZ

XXLsLOG(G1 P/T-LOG(C) IT
64 V=XXL*Y2

IFIV-O.1I 65966s66

65 IF(IY3-ID) 67968969
67 PRINT 197

PAUSE
60 TO 34

48 IFIIY4-IT) 67969#69
69 IF(IDP 70,71.7G
71 A*24*11Y3-1D3

5u1Y4aKT
GO TO 72

70 Au24*(IY3.ID1)
BmIY4AIT1

72 D-10.
GO TO 73

76 D=04109.
73 IF(B-D) 74,75,76
75 BD*04

60 TO 77
74 D001006

Bdue-D
77 Ta6Q.*A+*6*D450

IF(XXL*T-*0l 178979979
79 IY7nl

J8



GO TO 80
18 Vl': NM!",-

NMUvNMk;A 1

GO 10 1009
80 PUNCH 1029 IY1,IY2,IY3,1Y4,IY5,!'r6,1Y7,Gly2Y3if4JY5,X' Y6,Nr

NMU'c1
IDcIY3
IT1-Y4
ID1=IY.3
1T1=1Y4

1009 IF(K-fl100',8391007
1007 IF(K-2F?0l,10089701
1008 10=0

IT-0
GO TO 53

100 FORMAT( 14,15,14,15,P8.0,F7.2,39x,12)
102 FORMAH I4,I3,I4,15,I2,213,F8.0,F72F80,F7294.E9.3.P.2,i2
103 FORMAT(17HERRORP MIXED DATA)
104 FORMATt28HERR0R, BKG SUBT DATA MISS$TNG
105 FORMAT(I4#E993i
107 c0HMATh30HERROR# INCORRECT TIME SEOUIENCEj
109 FORMAT.(46HERROR, DATA CARD DOES NOT FIT GIVEN TIME RANGE)
114 FQRMATU.15HUJSE SAME DECAY CONST FOR LAST AND 2ND T0 LAST,1X4HCARDI
201 FORMAT(1491293E9o3)

END
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TABLE XX CHISO SOURCE CROGRAM

C CHI! SQUARE SFCTIO)N
DIMENSION Tu30:95.NI30,,B(4j,Cc41

862) :14.6
8$ 3q 4.00

B4il"000

C? :z27.2

C(4iz7*50

302 READ 2059NYY
KK-1
READ 201*PN,NRLM9XLAM1,ALAM2,XLAM3
IFU(4RLM-1)3019300,301

301 PR;Nt 304
304 FORMAT;3OHTHIS DATA WITH DECAY 11 OR IIi

PAUSE
GO TO 302

300 READ 2059NYX
IF(NYX+1 i30093059300

305 READ 800,IA1.1A2.JA3, IA4,1A5,IA7,1A8,B1,B2,83,84,185,D,86,Nrx
GO TG(1029100,102,lOO)trA5

100 PRINT 309
309 FORMATt27HNOT CHISO DATALOAD DECAY 1)

PAUSE
GO TO 302

80 READ 800. [A1,1A2.1A3.1A4.1A5,1A7. JA8,BlB2,B3.B4,I85.DB3,Nyx
lF fN'tX.9,31.315. 311

311 IF(NYX+6p313t316t313
313 IF(KEP-IA1)12981912
81 IF4KEPl-1A2) 12982912
82 IFIKEP2-1A3) 12983912
83 lFiK;iP3-1A4) 12.84912
84 IF(KE.P4-!A71 12.85912
85 IFIKEP5-IB5i 1291.12

IsNil)-a1

1-1+1
0O TO 80

102 KEP:IA1
Y4EP1. A2
K.EP2z 1A3
KEP3=' A4
'(EP4= IA7



KEP5: lBS
GO TO 1

12 MA=1-1
IF (MA-2)500913.13

13 00 40 1-29MA
IF (B 1 hT(1I 41.'.0941

41 PRINT 104
Go TO 102

40 CONTNUE
500 MT=MA/1O+1

DO 70 tcl*MT

IF (N-MA) 51951.50
50 N.4MA

6O TO 52
51 L=N-9
52 SSN-O.

SSNSsr0.
MMnN-Ltl
EmaMM
DO 55 .1LoN
SSN*SSN+SNI JI

55 SSNS*SSNS+SN(JJ**2
CHISa(EM*SSNS/SSN-SSNI*T(l)
DO 60 .9=1,4
tH4EM-l10*06957956

57 P~Bat.)
GO TO 58

56 P=(EM-l0.)/10**(C(I)-B(I,+B(I)
58 IF(P-CHIS)6l,60#60
60 CONTINUE

4J a5

61 GO TO(71,0.s699709711.vJ
70 CONTINUE

Go TO 71
69 PUNCH 200

PUNCH 6#KEP19KEP29KEP3#CH!$.MM
Jul
IF(KK-9) 317.319317

71 PUNCH 200
PUNCH 7*KEP1.KEP2#KEPBCHISPMM
Jul
lI0tIKK-9I 3179319.317

317 1rViK-6)IOZ,300i102
319 PRINT 320
320 FORMAT(16HREAD NEW PROBLEM)

PAUSE



GO TO 302

GC 12

C-0 TO 12
-ORN A2Xl4,I14,1XI5,1XEl0.4,18HSAMPLE REJECTED ON159..,H OBS)

F~ O~R W AT ( 28tS YS T EM DAY TIME CHIS$,
tQRMATI2XI4,1XI4,1XI5,1XE13..1,18HSAMPLE ACCEPTED 0N15,4H 0351
-' (fRNATf2II4TIMCS* ARE NOT EQuAL)

2OF r(jM A T (4OH
9121

-qM T t9a2 P3E
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~fKC'K~ t~zv ~SOURCF PROG~RAM

P0 Atc 1ON4~f
PUNCH~i )00,.NYX
-ZEAD ]01 * ' ,NIdMX; .<iAM2 ,XL4M3
PUNCH 10 1.l ,NRI M Ot Xt.AM2,9XLAM?
IP(INRLM-* 1) 340, 300, 340

1 0 P.A[, 100fP!Y')
PUNCH 100sNYX
TF fNYX*3 '30v0.3O1,300
FRjAD, !02,LD, Tqr,:M,NYX

11 IC lP IY~-MiN329 X

10) READ) !00sNV'.
r.;ACH 100INY'f
Cl9 Tol I

1 71XL?304,500,304

I60 G IA5
I G - i A 6

D' T- IA3
LTa IA4&

?0 !A4= IAI.-;,t0*IA4/100;=-LT+.'** !-T/100
XUAlI A3-LD
;,, 'JA2= I A4

21, T -aX: A1*144C..-XOA?

I INC H 104 #1A 1 1 A2 .LD -L T 1A 5,oJIA 6, 1A7 JB ~A TO , B) 84 1 B

P -AD) 105,9 !A I A2 I A 3 1 A 4 1A',91 A6 I A ,81, 2 B 3 P, B 5 fi~, NY'
lF 'NYX+9; 310,309,310

!h)~ 5 (NYX-6V 312,311o312
'1 'W1rM-iA1 i304*31393OL

3§ 'UtN(H ICO*NYfX

0)4  !H.'1A~<H.A IS PROBLEM wITli BKT")
PlliJT 330

0:. T 0

:-0 "") 10



340 PRINT 333
333 FORMAT12OHLOAD DECAY 11 OR 1111

PAUSE
00 TO 320

104 FORMAT 14,13,14,!5,12,313,E9e3,F7.2,F8.OF7.2,E9.3,F5.2,12)
105 FORMAT( 14.13,14,15.12 ,213,F8.2,F7.2,P8.OF7.2,14,E9.3.F5.2,12)
101 FORMAT11491293E9*31
102 FORMAT(14*15914*59XI2)
100 FORMAT(40H

13291 ot2)
END
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TAW-E YXxV DECAY 11 SOURCE PROGRAM

C DECAY 11
DiMENSION SST(3930)

502 c0RMATi3l'10921
L'O 503 1-1930

503 READ 502,SSrilI* SST(29IiSST(39jI
DIMENSION SN460 .J(60) ,X1(60) ,X2(601,KK(60i

I READ 200*NYX
PUNCH 2009NYX
READ 219tNP#NI*XLAM1,XLAM29XLAM3
PUNCH 219*NPNIXLAM1,XLAM2,XLAM3
i F NI -2)217#202,~2 17

217 PRINT 218
218 FORMATi17HNOT DECAY 11 DATA)

PAUSE
GO TO 1

202 READ 200vNYX
PUNCH 2OONYX
IF (NYX+3)2029602.202

602 READ 2039LD*LTsNPtNYX
PUNCH 203*LD*LTtNPgNYX

206 READ 2009NYX
PUNCH 200*NYX
IF (NYX~1 32069207t206

207 READ 70d.,IAlIA2,1A3, IA4,IA5,1A6,IA7,SNBARB2,YT,84,IB5,D586,NYX
215, IF(LD12099208,209
208 LDzIA3

LTw1A4
209 Icl

ISMP-IA.
IG~IAb
IX2= IA2
IX 5= IA5
XX~2x82
YYT 'VT
X4;;14
1Y5= lBS
x6zB6
60 TO 20

3 READ 704,IA1.1A2,1A3, 1A4,1A5,1A6,1A7,SNBARB2,YTB4,1B5,DB6,NYX
IF (NYX+6; 210,169210

210 JFINVX+9j212,169212
212 IFt IA1-ISMPU169213,16
212 IF(IA6-1G)16920916
20 IA42IA4-40*IIA4/100J-LT+40*(LT/100)

XUAI=1A3-LD



XUA21ZJA4
25 T(I)=XUAI*l440*4XUA2

KK I I A7
SNI I )'SNBAR

GO TO 3
16 N=IM1

PRINT 1209N
DO 57 ImloN
Xl IJ)-zE)P(-XLAM1*T( I))

57 X2(1).;EXPI-XLAM2*Tti)f
XISO040
X12:40@
A250,0&e
DO 30 1=19N
X1SOUx1SO+x14 I)*)Xj I)
X2SQzX2SO.X2 I I)*X2,1

30 xl2Ll2+xiI*X2(tl
Cli =X2SO/' XlSO'X2SO-Xl(2'Xl2t
Cl2z-(Cll *xl2 I*x2$,o
C22=X lSO/'I Xl S0X2SO-Xl12*X12)
C12=-(C22*X1/XlSO
z1z0.
Z2=0.
00 40 Ixl*N
Z1=Z14SN I )*XIltf)

40 Z2=Z2+SN(fl*X2Ui
AOI=C1 l*ZI+CI2Z2
A02=C12*Z1,C22*Z2
SMSQon.
DO 50 I'-1.N
SNBRmAO1*Xl (Ii+AOZ*x2 I)

5O SMSQ=SMSQ.ISN(I)-SNBR)*(SN(li)SNBR;
N=N-2

IF IX6-1*961403,402,403
402 1=2

GO TO 410
403 IF(X6-l.65 p405,404,405
404 1=1

GO TO 410
405 1=:3
410 J-N

IF iN-30)41..4079408
408 J.=30
407 ST!:S$1T Iq.,

XLAO1±A01-ST4SOPTfCll*SM5O/EN)
XUA~l=A0l+ST*SORT t( 11*SM50/FNs



X'..A2AO2-ST*SQRT IC22*SMSQ/ENI
YQA02=A0? .ST*SORTfC22*SMS0/EN)

NY A 6

PUNCH 5139NY
PUNCH 501*AOTXLAOIXUAOI
PUNCH 501.A02sXLAO2*XUA02
NY%7
PUNCH 513PNY
N% Na42
D0 400 I11N
Elz-XLAMI*TI 1)
E2.z-XLAM2*T (ii
ABOXZAOI*EXP(E1 l+A02*EXP(E2)
RAT IOnSN( I IABOX
AO CRAT!0* AOI
AO2C=RAT I0*A02
maISMP
NY-O
PUNCH 2049MtlX2*LD*LT#IX59IGoKKf 1) 1Y5,AOlCXX29YYT9X4*XLAMl9X6N)l

nO PUINCH 204sM, IX2,LD*L91X59IGKK II)#I Y59A02C oXX29YYTX4*XLAM2,qX6,N
IF (NYX-a6 S 40.?50*240

21, 0 IF?NYXi+9)2j592309215
2310 ORINT 231

PUNCH 200SNYX
231 FORMATil3HREAD NEW DATA)

IF' 1XS-5)i701,702,702
70? PRINT 705
705 FORMAT414HLOAD WITH BKTHI
701 6r., TO 1
250 PUNCH 2O0tNYX

GO TO 207
',FORMAT (40X32X912)
I~U FQRMAT(3El2.5)

200 FORMAT(40H
132H #12)

?10 FORMAT(14*12,3F9.31
?0O3 FORMAT( IA*t5,14,40X,19X,12)
120 FORMAT(3HN a*,41
20' ;:ORMAT( 14,13,14,15.12,313,E9.3,F7.2,F8.0,F7.2,E9.3,F5.2,121
704 FORMAT( 14,13,14,15,12,2l3,F8.2,F7.2,F8.0,F7.2,14,E9.3,F5.2,12)

END
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'ABLE' XXVI DECAY III SOURCE PROGRAM

DECAY III
DIMENSION SST130C!,XtM(3)gXLA(3!,XUA(3',Aof-,
DIMEN31ON Xf 20!,Ai 3t3)
DMFNSION SN(20iTf2O),XU?0i *X?j20)

50O? FORMAT;Flo*2,
00 503 Il.30

03 RAD 5O2*SSTtU;
I RFAI 200*N*,X

;a-t
P'UN'H 20ONVY
READ 219,NP4NIXLMtI9KLM(2).XLM(?j
PUNCH 219,NP,NkXL-Mil ,gXLM'2 .XLMt3)

204 READ 20ONyx
PUWI-4 200,NYX

i?C2 READ, :LiDsLr,*NPtNYX
PlJN~t- ?03,p!_DLT!,Nr-vNYxf
Cj0 TO 206~

, TIF('r)1209,,208,209
0 '-UIIA3

'I T aI A 4
."09 ISMFIJAI

/x2-B2
'YI'-YT

IF (I-1 b60s21!5956O

41 1; ~X &9 212s 16, 2 12

IA4-;.IA~4O4*( IA4/2OOI-LTA.40'I,LT/100)
Xoi--IA 3-L.D

xUA'2 ) '*
fr I -clj 1 1 144'). o-UA 12
SW' ISNBAR



+=4
GO TO 3

16 NZI-l
PRINT 1209N

702 DO 57 I11N
Xl (ii EXP(-XLM 1 *T C!)

57 K3( IitEXPl-XLM(3)4*T( I)

00 600 .110

600 A(I,.U.;0e
DO 30 i,19N
At1,1) -A (1,1 +XI 11 *X]t
A 2v2)wA(292)+x2fI;*X211l
A(3*3)*A(3*3H+X3(1l.X311,

Atls3)=Atl13)+XliIlX3!I)
30 At2,3i=A(293i.x2( !i.X3t H

A (291 -A 1.2)

Asi3,2) .iAf2*3
DO 170 I113
DUMP -A i ii
A4 1.1 ).lo
IF (DUMP) 130,1109130

110 PUNCH 131
131 FORMATt2OHOCANT INVERT MA7R1IX

STOP
130 DO 140 ja1,3
140 A(I9JhaAC 1,4)/DUMP

DO 170 K=1*3
IF(CK-sI,15O,17O,150

150 DUMP=A(K#l)

00 160 J-1,3
160 AfK9J)sA(KvJi-DUMP*AlTJ)
170 CONTINUE

ZInof
Z2*0&

DO 40 ItlN
Z1lZ14SN(fl*X1(I)

2zZ21SN( I *X2 i)
40 Z3=Z3t'SN(fl*X3U3

A0"2lAf,2*Z+A2,2?*Z2-A(3.?uZ3
A0!3,=AE 1,3)tZI-AI2,3)*Z2#-AI3,3)*Z3-
smsozz0a



UA

R 7.L P A6S AR.- NP4

0

L571 J1,
-.J1 *1OR' *A i 4 SM!S/EN I

PUNCH1 i, -4

C, (4 '1) 7 1N

Mi aMP

'Ld;YX+ 2,NYX ' 4

I~ FORM~AB33HPEA NEW DATA#

.fVN

1 0Q TO .1

DO TQ I Cv



513 FORMAT440X*32X,12l
501 FORMAT13E12*51
200 FORMAT(40H

132H 912)
219 FORMAT(14,J293E9.3)
203 FORMAT( 14*15,IA40X,19X#12)
120 FORMAT(3HN -*4

20.FORMATf4 4,3,14,15,12,313,E9.3,F7.2,F8.OF7.2,PE9.3,F5.2, 12"
904 FORMAT4 413,14,15,12,213,FB.",F?.2,F8.O.F7.14.E9.3,FS.2,12)

END
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TABLE XXVIII VAR I SOURCE PROGRAM

C VAR I
DIMENSION T(3931)tX(200)
DO I 1=1,31

1 READ 1039T(1vI)9T(291)*T(3#I)
103 FORMAT(3El0.5)
10 READ 1009NYX

IF(NYX+1 )10*11,10
11 READ 1019 IA1,1A2, IA3dTA4,1A5,1A6, JAl, B5,B1,B2,B3,B4,XLLB6Nf)
12 N4l

ISMP= IAl
JGD=IAS
IG-1A6
X(N)=Bl
IPROB=165
ISY=1A2
XEP=B6

17 READ 1019 !A1,1A2,1A3,1A4,1A5,1A6,1A7,1B5,BlB2,B3,B4,XLL,86,NY)
IF(NYX+6) 13,50,13

13 IF(NYX+9)14950914
14 IF(1A6-IG)50915950
15 JF(IA1-ISMP)50916950
16 N=Na1

X(N)=Bl
GO TO 17

50 M=N-1
XBAR-Q*
sxSQOe0
DO 18 1=19N
XBAR=XBAR+X( I)

1s SXSQ=SXSQ+(X(1)*X(I))
XN=N
SSX=XBAR*XBAR/XN
xBAR=XBAR/XN
IF(N-1 )20970920

20 SIGWG=(SXSQ-SSX)/(XN-1.)
SIGWG=SORT (SIGUG)
SXBR=S IGWG/SQRT (XN)
IF (M-31 172972921

21 M=31
72 IF(XEP-1.65)63,62,63
62 1=1

GO TO 22
63 IF(XEP-1*96)65964965
64 1=2

GO TO 22



65 1-i3
22 XL.-XBAR-SXBR*T(1,M,

UsXBAR+SXBR*T( IM;
PCERRn (SXBR*T I* M /XBARI*a00.
Nia 100'N-N
N2slO'N/4-N
N3u1O0*N/ 9-N
N42100*N/ 16-N
N5SI 0O*N/2 5-N

N6z100*N/ 36-N
N7*I OOEN/49-N
NS=100*N/64-N
N9=1O00N/S1-N
N10 0
PUNCH 110
PUNCH 10olgPROB#ISYsISMPIGgN
PUNCH III
PUNCH 1069XBAR*SIGWGgSXBRoPCERR
PUNCH 112
PUNCH 107*XL*U
PUNCH 113
PUNCH 108,N1,N2,N3,N4,N59N6,N?,N8,N9,NlO
IF INYX+6)61911l 61

61 IF(NYX+9)5079809507
61 IF(NYX9)12,80912
70 PUNCH 110

PUNCH 105#IPROBISY, ISMP,1GvN
80 PkdNT 200

PAUSE
G0 TO 10

507 IF(JGD-81509s5089509
508 PRINT 510
510 FORMAT415HLOAD WITH CALIB)

GO TO 12
509 IF(JGD-9,12o5I2vl2
512 PRINT 513
513 FQRMAT614HLOAD WITH 5LUX)

GO TO 12
200 FORMATtl6HREAD NEW PROBLEM)
110 FORMAT(3X,7HPROBLEM,4X,6HSYSTEM,4X(6HSAMPLE,2X ,8HGE0METRYUXI

16HNUMBERt
107 FORMAT(2Fl0.1j
108 FORMAT41161
111 FORMAT41OHMEAN COUNT,7X,3HSIG,6X.4HSXBR,2X,1IHPERCENT ERR)
105 FORMATU.X, 16,4X,16,4X,1694X, 16.'.X.6I
106 FORMATCF1O.O.FI~o5#2F10*41
101 FORMAI14,13,I4,I5.!2,313,E9.3,F?.2F80F72F9.3F,.292)
112 FORMATI2OH LOW LIMIT UP LIMIT;
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END



H 34 0

735 ORMAT t',- .I

f"O r(M A I 3H*PfRCENT( ERPORi 1
cIN lltZ( ,,~? W.~bZ -P "Z' ?~z~,~e~

P04CH 'IO09

O) F0RPAT**.l!HNR SMO'LS NEEDEDi

.iF NYX4e 700000oO910

'700 CoNT I 14J

'!.5 OiMA T 16H -.C?A2 INE 0 PR~OBLEM,,

200 FORMAT140H

? O 0RMA T 2 i5 4O a2 X 12
:-;IRM T I s P i S lMA(,!NARY4
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T A F!: ; PK F I A R 0 uP. k ?f4 MN

c FRE.Z rOp VAR '

L;C) S30l

DO 302 .1=199

402 PEA(lV 3ST -I

D!.-) 0 1

UN-201,Y

ti~READ 2004.jA'.),NRI-

REA F 7iCH2#NCA6NC

3 0 N.' I 03.246C

3.PUNCH- 204.INA,

01READ 2C~,4*AtsNYY

6 0 F I N ?0~6 04 Y1(.

1 PUNCH 204*IA6NX

31 UNCH 204eIA69NYX

33READ 2O4tlA6*NYX

0 1 PEA0 20:+, 4'A~a4YX

GO TO 200

Q.3 ,Q ,02



DO 701 I1125
IF( 1A6-IG( I )70197029701

702 K~sO
701 CONTINUE

IF(K704921,7O4
704 DO 706 1-1925

IF(IGI 13)706,7059706
706 CONTINUE
705 IG(4Ha1A6

NGOS=NGOS+l
GO TO 21

601 PUNCH 204PIA69NYX
PUNCH 208ONGOS

208 FORMAT4i3)
IDFaNGC-1
DF&IDF
PUNCH 209,DF.ECl(JDF),EC2(IDF3.EC3UIDF)
00 503 J=192595

1*3413

503 PUNCH 504,IG(J3,IG(I),IG(KI1G(L),IG(M)
504 FORMAT(515)

PUNCH 303#ST(IDF)
IF( KZ-NRLAM 3602.7609760

602 KZ=K.L+2
PRINT 780

780 FORMAT111HREREAD DATA)
GO TO 70

760 PRINT 603
603 FORMAT416HREAD NEW PROBLEM)

PAUSE
GO TO 1

209 FORMATi4F1O.63
204 FORMAT(184 #13919H4

132H4 .121
201 FORMAT440OH

132H #12t
200 FORMATU14912#34H

132H4 9121
202 FORMATI15935H

132H 12
210 FORMA7(3Fl0.3t

END
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%NXI VAk 11 SUURCE PRQ~aRAM

C VAR 11
DIMENSION 1G125 .FV49j .1(10) ,SUM 10) ,SUMSQ( 10) ,L(1O) ,ZZ( 10!
DIMENSION FTtl02).XNBAR(10)

41 READ 50loNGOS
READ 502sDFECl9EC2*EC3

501 FORMAT113)
502 FORMAT44F1O.4)

DO 503 J-is2595

pM.J+4

503 READ 504,IG(4),IG(IIIIG(K),IG(LL),IG(MJ
504 FORMAT i515)

READ 303wST
303 FORMAT(F1O.41

IDF-DF
DO 910 Ju1,102
READ 202jFV11,,FV(2;,FV(3),FV(4),FV(5, .FV(6),FV(7),FV(8),FV(9)

910 FT(JlmFV(IDF)
202 FORMATH9F7*2)

1 DO 700 KX=1*NGOS
IF (KX-1 827 .817.827

827 PRINT 254
254 FORMAT(11HREREAD DATA)
817 READ 200,NYX

READ 940. IPROB*NLAM
940 FORMATI14,IZ)

READ 201*NGC#IPRUBNYX
XMUNGC
IF (NGCI 211#212.211

212 PRINT 213
213 FORMAT410HVAR I DATA)

PAUSE
6O TO 1

211 DO 215 J=1.NGC
215 READ 20191(J)*IPROB
216 READ 2909NYX

IF (NYX-7j 2169300,216
300 D0 230 JIa1#10

L44J)u ' '
4UMIJpiaQ.

230 SUMSQ(Jils0
6EQ.

ssomQs



S ! C, '20
23 ,, Rl.At1 1O4,IAlIA2,IA3qlA4dIA6jB5pB1,oLAMN'X,

:NYX+ 9t225s219s225
225 IF-NYX*6)226q219q?2-:'
22.4 DO 232 J=19NGC

IF "A-lJl232,2339232
233 z1;' iA6-rG'KX1 2315?2Lt9235
232 CGN 7 1NU E
224 SIMJ;-SUM J+Bl

!TDYzI A3
ITIEM I A'
15!S-'I A2
*' AMzX(AM

'SC? TO 235
21 DO0 241 r,=1,NGC

S'S+S'JMtKl
,'S0-5SQo SIMSQ(K

SJ~1aS IG1+1 .XNl
SOSmfISUM (K *SUM Ki/ xNi
EVSaEVSlf5UMSO(Ki -SOS i
ANF t r !:16 " I. f SLIM4 j
YMtJI'YMUI+XNBAR:V,

241 'MI.Ji1l/XMt*YMU1
00 16 K-IPNGC

1RIR24iXNBARtKi -fMU)I'XN8ARI-YMUi

E-$SmET$'-EVS
ETD.T- 1.
FHD-XM-1
EVD-ETD--;HV
EHM*FH / FHD
FVM4EV5/EVD
CTMcETS#'FTD
EV'rHMIEVM
xmmqxMoxm-xM
RZ =R2ixMM

11 PRINT 10S'



00 TO 700
12 R&SORTIR,)

LOB S&-E V
IF £LOBS-100 390299026903

902 TC:2FT(LOBS)
GO TO 1000

903 IF(LOBS-400)904,9049905
904 TCaLOSS-1OO

TC^TC*EC1
TC aTC+FT 1100)
GO TO 1000

905 IF(LOBS-1000)906990,9907
906 TC=LOBS-400

TC'wTC*EC2
TC-TC+FT( 1013
GO TO 1000

907 TC-EC3
1000 JF IEF-TC) 1009101. 101
101 PUNCH 34.0
340 FORMATo8HVAR SMPS)
100 IC-ST

YES1*RTC
Zw 100.. IYEST/YMUI

DO 271 Kxl1,10

271 ZZIKIj-PO*Z
xxXMi0.01-xm
)CM2=iXM/0 .04-XM
XM3zXM/G*09-XM
XM4='XM/0*e16-XM
XM5=XM/0025KXM
XM6zXM/0. 36-XM
XM7aXM/0*49-XM
XM8=XM/0*64'XM
XM9=KM/0*81-XM
SIG22fEVM/!XM*XMJ)*S1Gl
SIG3aXM*IR*R-SIG2)
JF(S1G3) 14915915

14 SIGMAw0.
GO TO 49

15 SIGMA&SQRTISIG3)
49 PUNCH 109
169 FORMAHi5H PROB95H DAY#5H TIMF..SH GE097H LAMDA?

PUNCH l1QIPROBIDY, ITEM, !GfKA.I ZLAM
110 FORMATi4I5#E9*3)

PUNCH 108
108 rORMAT (7X,2HMU,4X,5HSIGMA,5X,4HYEST,1X,6HSYSTEM)
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r

TFR

POW, H 0 7

',0- FOURAT;;41.SR SM LS NTF.DFD
S-00
00WNC. h .,. 11 ,.ibx ; qYM2, Xm 3 *XM, , Xt.A , X m t .,  M 7'  X M B , x M 9: ,

IF'-IYX- i 006 Mot, 700
700 CONT iNU L!

I.'R T P47 2 5

2_5~ -C.AC N'P D..OBLCM!
P A'. SZ
•~c "r Ct) ',4

104 zOIMATM A 3.4% ,T ?X, , 3 , .

200 -ORMAT ,0I
1 32f)( X 1

I R ".VN AT 3 5, OX ?2 ,,2
.! I ,'}RM/T!).C, *

£ND~
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TABLE X~,; BAKTH SOURCE DR0GRAM

r THICKNESS OF BACKING MATERIAL DETERMINATION
~3 PfAf) 100#EA*IGARD

100 FORMATiF1O.3*14)
IF( IGAND-999)300*3049300

300 PRIMT 301
301 FORMABIl9HMAX BETA CARD CHECK)

304 READ 11ONYX
IFINYX-- 10',305,304

305 READ 102*iSMP*. SYSqiA5,1tGJPRCB.6LNYX
-02 ISMS=.ISMP

It .0

AA-0
AOL 0

400 I~llA5-5)404,463v~404
403 A0-,B1-AC

Go TO 500
404 !r(IA5-~6#L069405,406
40!, AA081+AA

GO TO 500
40t lF(NYX+91608,50lv608
608 iF(NYX+6)609,5019609
6~09 PRINT 4.07
401 FORMAfil,3HNOT BKTH DATAi

SA S E
GO TO 3

500 READ 102,ISMP, ISYS,1A5.IGIPROBBlNYX
IF(41SMS-I SMPi 501,400, 501

01 X-1

AQ*AOVX

AAAAA/X

10 ALPHA=33./lEA**1*331
GO TO 12

11 JF(EA-1.45i 13#14,14

GO ~1
IL' ALPHA=20o.9EAW*6*25s
.2 ;4 -- ~ A )A-HA L G A )IL H



:F(NYX*9160lv9O1lvbOl
601 lF ,NYX,6)6O2s3O5,#6Of
901 DRINT 902
902 FORMATti6HREAD NEW PROBLEM!

PAUSE
GO TO0 a

105 FORMAT(u15HSAMPLE NUMBER 2,14*3X*lIITHICKNESS =,9 9 6 1

102 FORMAB 14,T3,9X,12,13,3X,13,E9.3,36X.I2)
110 FORMATi4OH

132H 912)
END

117
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